A full-length cDNA done encoding 12-lipoxygenase (arachidonate:oxygen 12-oxidoreductase, EC 1.13.11.31) was isolated from a human platelet cDNA library by using a cDNA for human reticulocyte 15-lipoxygenase as probe for the initial screening. The cDNA had an open reading frame encoding 662 amino acid residues with a calculated molecular weight of 75,590. Three independent clones revealed minor heterogeneities in their DNA sequences. Thus, in three positions of the deduced amino acid sequence, there is a choice between two different amino acids. The deduced sequence from the clone plT3 showed 65% identity with human reticulocyte 15-lipoxygenase and 42% identity with human leukocyte 5-lipoxygenase. The 12-lipoxygenase cDNA recognized a 3.0-kilobase mRNA species in platelets and human erythroleukemia cells (HEL cells). Phorbol 12-tetradecanoyl 13-acetate induced megakaryocytic differentiation of HEL cells and 12-lipoxygenase activity and increased mRNA for 12-lipoxygenase. The identity of the cloned 12-lipoxygenase was assured by expression in a mammalian cell line (COS cells). Human platelet 12-lipoxygenase has been difficult to purify to homogeneity. The cloning of this cDNA will increase the possibilities to elucidate the structure and function of this enzyme.
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The enzyme 12-lipoxygenase (arachidonate:oxygen 12-oxidoreductase, EC 1.13.11.31) catalyzes the formation of (12S)-12-hydroperoxy-(5Z,8Z,1OE,14Z)-5,8,10,14-eiocosatetraenoic acid (12-HPETE), which is further reduced to the corresponding hydroxy fatty acid, (12S)-12-hydroxy-(5Z,8Z,1OE,14Z)-5,8,10,14-eiocosatetraenoic acid . This enzyme has been found in various mammalian tissues: platelets (1, 2), porcine and bovine leukocytes (3) (4) (5) , murine eosinophils (6) , bovine tracheal cells (7) , and porcine pituitary cells (8) . Many biological functions of 12-lipoxygenase metabolites have been reported for various tissues, such as a chemoattractant in rat aortic smooth muscle cells (9) , a neurotransmitter in Aplysia neuronal cells (10) , and an activator of a glycoprotein Ilb/IIIa-like receptor in tumor cells (11) . It was proposed that 12-lipoxygenases isolated from various tissues are heterogeneous, based on biochemical and immunological studies (2, 4, 7, 12) .
The amino acid sequences of mammalian 5-and 15-lipoxygenases were deduced from their cDNAs (13) (14) (15) (16) (17) , and recently cDNA for porcine 12-lipoxygenase was isolated (18) . Among these lipoxygenases, there is a certain homology in the amino acid sequences. Especially, porcine leukocyte 12-lipoxygenase exhibited 86% identity with human reticulocyte 15-lipoxygenase (18) .
Human platelet 12-lipoxygenase has not yet been purified to homogeneity. In this study, we isolated cDNA for this enzymet by using a cDNA of human reticulocyte 15- lipoxygenase as the initial hybridization probe. We found that phorbol 12-tetradecanoyl 13- 
MATERIALS AND METHODS
cDNA Library. To obtain RNA for construction of a cDNA library, 25 bags of buffy coat from healthy donors were collected from a local blood center. After removal of erythrocytes by dextran sedimentation and ammonium chloride lysis, buffy coat (containing about 2 x 1010 leukocytes and 1010 platelets) and platelets (containing about 3 x 1011 platelets and <108 leukocytes) were purified by centrifugations. Total cellular RNAs were isolated by acid guanidinium isothiocyanate/phenol/chloroform extraction (19) , and the poly(A)+ RNA fractions were separated by oligo(dT)-cellulose chromatography (20) . Double-stranded cDNA was prepared by using a Pharmacia cDNA synthesis kit with oligo(dT)12.18 primer. The cDNA was size-selected on a 1% agarose gel to enrich cDNA longer than 2.0 kilobases (kb) and was ligated to the phage A ZAP II vector (Stratagene) with an EcoRI/Not I adaptor.
cDNA of Human 15-Lipoxygenase. Two oligonucleotides (5'-TTCTATGCCCAAGATGCGCTGCG-3', 5'-GCAGC-CAGCTCCTCCCTGAACTT-3') were synthesized according to the sequence data published for human 15-lipoxygenase (16) . Utilizing these two oligonucleotides as polymerization primers and the double-stranded cDNA from buffy coat as template, a cDNA fragment was obtained by a polymerase chain reaction (21) . The cDNA thus obtained encoded about one-fourth of the amino acid sequence of the 15-lipoxygenase (close to the C terminus) and had a predicted size of 521 base pairs (bp). The Sau3AI fragment of this cDNA (392 bp) was inserted into the plasmid vector pUC19 (digested with BamHI and HincII) and amplified in Escherichia coli. Digestion with EcoRI and HindIll gave a fragment (431 bp) that was purified on a 1.2% agarose gel and 32p-labeled with an oligonucleotide labeling kit (Pharmacia).
Screening of cDNA Libraries. Transfected E. coli (XL1-Blue) were grown on 90-mm plastic dishes at 5000 plaques per dish. Plaques were transferred to nitrocellulose filters (Millipore HATF), which were treated as described (20 ml, and TPA was added to 80 or 160 nM. The cells started to attach to the Petri dish 5 min after addition ofTPA, and within 2-3 days marked morphological changes (increased cell size and larger and lobulated nuclei) were apparent (24) . Cells were harvested at various times by centrifugation at 500 x g for 10 min, washed once with phosphate-buffered saline, and resuspended in 0.05 M Tris'HCI/0.1 M NaCl/2 mM CaCl2/2 mM glutathione, pH 7.4, at a concentration of 5-20 x 106 cells per ml. Cell suspensions (routinely 0.5 ml) were preincubated at 37°C for 2 min and arachidonic acid (160 ,uM) and calcium ionophore A23187 (2 ,M) were added. As an activator, 13-hydroperoxy-9,11-octadecadienoic acid (5 ,uM) was also added (25) . After :150:250:1, vol/vol) at a flow rate of 1.5 ml/min. The UV monitor was set at 235 nm. The activator, 13-hydroperoxy-9,11-octadecadienoic acid, was usually recovered as the reduced form (13-hydroxy-9,11-octadecadienoic acid) with a recovery rate of 85-95%. 12-Lipoxygenase activity was calculated by the peak area ratio of 12-HETE to 13-hydroxy-9,11-octadecadienoic acid. Standard 12-HETE and 13-hydroxy-9,11-octadecadienoic acid were eluted at 16.8 min and 13.7 min, respectively.
RNA Blot Analysis. Poly(A)+ RNA was purified from undifferentiated HEL cells, differentiated HEL cells, platelets, and the leukocyte-enriched fraction from buffy coat (13) . For blot analysis, 1 ,ug of each sample was electrophoresed on a 1% agarose gel containing 0.7% formaldehyde, transferred to nitrocellulose filter, and baked (20) . The Not I insert from the clone plT3 (see Results and Discussion) was radiolabeled with [a-32P]dCTP by using random hexamers (oligolabeling kit, Pharmacia) and was used as hybridization probe. The filter was prehybridized, hybridized, washed, and autoradiographed as described for the screening of the cDNA library.
COS Cell Expression. The COS cell expression vector CDM8 (26) confluency in 100-mm dishes were transfected in 3.75 ml of OPri-MEM I medium (GIBCO) containing 400 ,g of DEAEdextran (Pharmacia) per ml, 100 ,uM chloroquine diphosphate, and 2 ,ug ofthe purified DNA (27) . After incubation for 90 min, the medium was removed, and the transfected cells were incubated in DMEM/10% fetal bovine serum for 48-72 hr to allow for expression. (Fig. 2) was deduced from clones plT3 (nucleotides from -33 to 2289) and bcMl (nucleotides 2290-2302). 
family (13) (14) (15) (16) (17) (18) Nucleotide sequence of the cDNA for human platelet 12-lipoxygenase and the deduced amino acid sequence. Nucleotide residues are numbered from 5' to 3' with the first residue at the ATG codon (encoding the initiating methionine). The deduced amino acid sequence is displayed below the nucleotide sequence in the three-letter code. Underlines indicate the initiation codon ATG, the termination codon TGA, and the polyadenylylation signal AATAAA. Some heterogeneities were observed among the clones bcM1, bcM2, and plT3. Alternative DNA sequences are shown in parentheses (see also Table 1 ). tionships (28) . Comparison of the DNA sequences of rabbit 15-lipoxygenase, human 5-lipoxygenase, and human 12-lipoxygenase indicated that both positions "a" and "b" of the clone bcM2 are located just at the fifth and ninth intronexon junctions, respectively. Thus, it is possible that the changes at positions "a" and "b" might have resulted from splicing divergencies. However, these divergencies could also be due to cloning artifacts. The clone bcM2 had a longer 3' untranslated region (0.82 kb), which indicated the presence of an alternative polyadenylylation signal in the gene for 12-lipoxygenase .
MAG AGT GCC CTG GCT GAG MAG GTT CGC GAG TGC TGG GAG GAT GAT GAG TTG TI'C AGC TAC CAG TTC CTIC MAT GGT GCC MAC CCC ATG CTG 720 Lys Ser Ala Lou Ala Giu Lys Val Arg Gin Cys Trp Gin Asp Asp Giu Lou
To obtain a full-length clone, a human platelet library was prepared. About 2 x 104 clones were screened by using the radiolabeled Pst I fragment (552 bp) of bcM1 as probe. Three positive clones were isolated; the clone plT3 had the longest DNA insert (2.3 kb) and seemed to encode a full-length amino acid sequence based on the homology to other lipoxygenases. Nucleotide Sequence of cDNA and Deduced Amino Acid Sequence for 12-Lipoxygenase. The cDNA sequence corresponding to human 12-lipoxygenase was primarily obtained from clone plT3 (nucleotides from -33 to 2289), and to some extent from clone bcM1 (nucleotides from 2290 to 2302). Codon ATG at nucleotides 1-3 was designated as the translation initiation codon not only because of a homology to other lipoxygenases but also because the upstream region of this ATG has similarity to the eukaryotic initiation site. Thus in plT3, guanosine was present at position -3 and cytidine was present at positions -1, -2, and -4 in good agreement with the consensus sequence in which a purine is present in position -3 and cytidine is predominant at positions -1, -2, -4, and -5 (29) . A termination codon TGA (nucleotides 1990-1992) 4) were electrophoresed on a 1% agarose gel containing formaldehyde, transferred to nitrocellulose, and processed as described. The Not I insert from clone plT3, which encompasses the full coding region of 12-lipoxygenase, was radiolabeled by using random hexamers and was used as hybridization probe. (23, 24) . HEL cells were seeded in the presence or absence of TPA and tested for 12-lipoxygenase activity. Little activity was detected in untreated HEL cells (Fig. 3) . After RNA Blot Analysis of 12-Lipoxygenase mRNA. The 12-lipoxygenase cDNA probe recognized a 3.0-kb mRNA species in HEL cells (Fig. 4) . This mRNA became more abundant in the differentiated HEL cells. However, human platelets seemed to have two bands. One band was 3.0 kb and the other 2.8 kb. It is uncertain if this smaller-sized band indicates the presence of another species of 12-lipoxygenase mRNA or if it is caused by degradation of mRNA in platelets. In addition, no positive band was observed in leukocyte RNA.
Expression of Cloned 12-Lipoxygenase in a Mammalian Cell. 12-Lipoxygenase activity was expressed in a monkey kidney cell line (COS cells). The cDNA of the clone plT3 was introduced into the expression vector CDM8, giving CDM8plT3 (Fig. 5) , which was transfected into COS cells. Enzyme activity was not detected in the nontransfected COS cells or the cells transfected with wild-type CDM8. Two days after transfection, 12-lipoxygenase activity of the COS cells could be detected (3.5 and 9.4 ng of 12-HETE per 106 cells in two independent experiments), and at day 3 the activity was increased (13.8 and 16.4 ng of 12-HETE per 106 cells). HPLC chromatograms of the products obtained from incubations of the intact COS cells with arachidonic acid are shown in Fig.   6 .
The availability of a cDNA for human platelet 12-lipoxygenase will facilitate further studies regarding the structure and function of this enzyme. 
